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(57) Abstract: The present invention relates to an antigenic composition capable of eliciting antibodies by interacting with 0$ 
chains of a T cell receptor (TcR), which composition is comprised of a peptide-aldehyde conjugate. The aldehyde portion may be 
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^ charged and polar amino acids. The invention also relates to a method of producing a vaccine against atherosclerosis by screening 
^ of a library of candidate compounds for their ability to bind to a conjugate of oxidized LDL and a dialdehyde as well as to such a 
^ vaccine as such. 
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ATHEROSCLEROSIS VACCINE 

Technical field 

The present invention relates to an antigenic composition useful for immuniza- 
tion of mammals against atherosclerosis. Further, the invention also relates to 
methods of producing such an antigenic composition. 

Background 

Atherosclerosis is a degenerative disease affecting the entire human population. 
At present, atherosclerosis is treated either by lowering the circulating cholesterol 
level (and consequently the LDL level), e.g. by specific lipid-lowering drugs and 
diets, or alternatively by counteracting the modifications which are considered to 
make the LDL more atherogenic, e.g. by antioxidants by eliminating other rise 
factors for atherosclerosis, such as hypertension and smoking, or by surgical re- 
moval of atherosclerotic tissue. However, in spite of these treatments, athe- 
rosclerosis is still rated on the WHO list of the most fatal diseases in the world, 
thus indicationg a strong need for a more efficient therapy or, more preferred, 
even a method of preventing actual outbreak of the disease by vaccination. 

A substantial research effort has of the above mentioned reasons been directed 
towards finding a cure for atherosclerosis. More specifically, the involvement of 
cellular immunity in atherosclerosis has been established (Stemme S, Holm J, 
Hansson GK. T lymphocytes in human atherosclerotic plaques are memory cells 
expressing CD45RO and the integrin VLA-1. Arterioscler. Thromb. 
1992;12:206-211; Stemme S, Rymo L, Hansson GK. Polyclonal origin of T lym- 
phocytes in human atherosclerotic plaques. Lab. Invest. 1991;65:651-660), but its 
target is still a matter of debate. Further, it has recently been shown that T cells 
extracted from the human plaque recognize oxidized low density lipoprotein 
(oxLDL) (Stemme S, Faber B, Holm J, Wiklund O, Witzum JL, Hansson GK. T 
lymphocytes from human atherosclerotic plaques recognize oxidized low density 
lipoprotein. Proc. Natl Acad. Set USA 1995;92:3893-3897). However, since the 
reacting T cells are largely HLA class II restricted TcRaB + cells (Stemme S, Fa- 
ber B, Holm J, Wiklund O, Witzum JL, Hansson GK. T lymphocytes from hu- 
man atherosclerotic plaques recognize oxidized low density lipoprotein. Proc. 
Natl Acad. Sci. USA 1995;92:3893-3897), it is likely that the T cell antigens are 
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derived from proteins rather than from lipids. The nature of the antigens has 
however not been established. As there is no reactivity against the native protein 
of the LDL particles, apoBlOO, according to one theory, T cells could recognize a 
self protein which has been modified in a way that changes its processing, resul- 
ting in a different pattern of cleavage into peptides. Alternatively, in another the- 
ory, the modified protein could carry new T cell epitopes not present during ne- 
gative thymic selection, and thus be recognized by non-deleted T cell clones. The 
immunogenic potential of proteins modified by the oxidatively derived aldehydes 
MDA and HNE is demonstrated by a recent study where MDA- and HNE- 
modified albumin induced T cell responses in mice (Wuttge D, Bruzelius M, 
Stemme S: T cell recognition of lipid peroxidation products breaks tolerance to 
self proteins. Immunology 1999; 98:273-279). 

Palinski et al (Proc. Natl. Acad. Sci., Volume 92, January 1995: 'Immunization 
of low density lipoprotein (LDL) receptor-deficient rabbits with homologous 
malondialdehyde-modified LDL reduces atherogenesis", p. 821-825) have shown 
that immunization with MDA-LDL can reduce atherosclerosis in hypercholeste- 
rolemia rabbits. Even though high-titer antibodies to MDA-LDL were developed, 
no analysis of T cell responses to MDA-LDL was performed. The T cell content 
in atherosclerotic lesions was analysed, but no differences were observed betwe- 
en immunized and control rabbits. Palinski et al speculate that immunization may 
have led to both humoral and cell-mediated immune responses, but no data are 
provided concerning characteristics of any potential T cell epitopes or antigen 
recognition mechanism. Accordingly, Palinski et al do not provide the informa- 
tion required for creating an antigenic composition useful for vaccine purpose. 

Further, George et al (Atherosclerosis, Volume 138, 1998: "Hyperimmunization 
of apo-E-deficient mice with homologous malondialdehyde low-density lipopro- 
tein suppresses early atherogenesis", p. 147-152) have shown that immunization 
with MDA-LDL reduces atherosclerosis in apo-E-deficient mice. Similar to the 
findings of the above discussed Palinski article, it was observed that high-titer 
antibodies were formed against MDA-LDL. No effect was observed on the T cell 
composition in the atherosclerotic lesions. However, this study fails to observe 
any differences in the content of CD4 and CD8 lymphocytes in the lesions of 
both study groups and concludes that it is less likely the possibility of a local 
immune modulation of the plaque size by MDA-LDL-specific T lymphocytes. 
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In summary, even though it has been known that oxidized LDL will cause an 
immunogenic response in a mammal, since LDL is a highly heterogenic protein, 
it will give rise to a plurality of various responses if administered in viva, thus 
rendering it inapplicable for use per se in a vaccine composition. Accordingly, in 
order to provide an efficient vaccine against atherosclerosis, firstly, it needs to be 
established which is the target for the subject cellular immunity, and secondly, an 
immunogenic composition may be formulated based on such findings regarding 
the structure of the T cell epitopes. 

Summary of the present invention 

The present invention provides an explanation to the mammalian immunogenic 
response to an oxidized LDL by defining antigenic compositions capable of bin- 
ding the T cell receptor (TcR) active therein. Thus, the present invention relates 
to such an antigenic composition for use as a medicament as well as to the use 
thereof in the manufacture of a pharmaceutical composition, such as a vaccine. 

Brief description of the drawings 

Figure 1 shows the proliferation of LN cells from apoB-TG mice immunized with 
human oxLDL in response to native and oxidized human LDL. 
Figure 2 shows that ApoB-TG hybridomas recognize oxLDL in an I-A^ restricted 
maimer. Data are proliferation of (the EL-2 and IL-4 sensitive) CTL-L2 cell line 
when incubated with culture supernatants from T cell hybridomas exposed to na- 
tive or oxidized LDL in the presence of irradiated, syngeneic (I-A^) antigen- 
presenting spleen cells. 

Figure 3 A-E show how hybridoma 96-7 expresses TcRaB with VB6 variable 
domains. 

Figure 4 shows the nucleotide and extrapolated amino acid sequences of the 
CDR3 region (grey box) of the 96-7 hybridoma. 

Figure 5 shows the 3D structure of the TcR of the clone 96-7 discussed in more 
detail below. 

Figure 6 shows that hybridoma 96-7 recognizes MDA-apoBlOO. 

Figure 7 shows that T cell hybridomas derived from non-immunized apoE KO 

mice recognize modified LDL. 
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Figure 8A shows that hybridoma M20 recognizes MDA-bound peptides both 
when presented after uptake of MDA-albumin and when conjugated to surface 
proteins of fixed antigen-presenting cells. 

Figure 8B shows that antigen recognition by hybridoma M20 could be inhibited 
with an antibody to MDA-Lysine. 

Definitions 

Unless defined otherwise, all technical and scientific terms used herein have the 
same meanings as commonly understood by one of ordinary skill in the art to 
which this invention belongs. For the purpose of clarity, some terms used in the 
present application will be defined below. 

In the present application, the term "low density lipoprotein" (LDL) refers to the 
the lower density form of lipoprotein present in serum. Such lipoproteins are 
classified according to their density into chylomicrons, very low density lipopro- 
teins (VLDL), LDL and high density lipoproteins (HDL). They are particles 
comprising proteins (apolipoproteins) associated with lipids and have a micelle- 
like spherical structure composed of a non-polar core consisting of triacylglycerol 
and cholesteryl ester on one hand and apolipoproteins, cholesterol and phospho- 
lipid covering the core on the other hand. Apolipoproteins and lipids are different 
according to each lipoprotein. More specifically, LDL has a particle size of about 
1 80 to 280 Angstroms in diameter and a density within a range of 1 .006 to 1 .063 
(g/ml), while its apolipoprotein is composed mainly of apoB-100. LDL is a nor- 
mal blood constituent that is the body's principal means for delivery of choleste- 
rol to tissues. 

The term " oxLDL" refers to an oxidized form of LDL. 

An "antigen" means a substance, such as a foreign substance, that, when intro- 
duced into the body, can stimulate an immune response. Thus, an antigenic com- 
position is any composition comprising such an antigen, i.e. together with a sui- 
table carrier. 

The term complementary determining region (CDR) means the regions of a T cell 
receptor (TcR) that are genetically hypervariable. By virtue of their unique amino 
acid sequences, they project unique chemical structures at the surface of the TcR 
and thereby determine the chemical properties of the antigenic structure that will 
be recognized by each T cell. 

As used herein, the term "vaccine" means any compound or preparation of anti- 
gens designed to stimulate a primary immune response, resulting in proliferation 
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of the memory cells and the ability to exhibit a secondary memory or anamnestic 
response upon subsequent exposure to the same antigens. 
In the present application, the term "adjuvant* * means any substance or compound 
capable of promoting an immune response in a mammalian species, e.g. by 
modifing the activities of cells that are concerned with generating and maintain- 
ing the immune response or by modifying the presentation of antigen to the im- 
mune system. 

The term "monoclonal antibody" as used herein, refers to a population of antibo- 
dy molecules that contain only one species of an antigen binding site capable of 
immunoreacting with a particular epitope of an antigen. A monoclonal antibody 
composition thus typically displays a single binding affinity for a particular pro- 
tein with which it immunoreacts. 

"Library" means a pool containing a large number of different molecules, such as 
peptides or molecules of peptidic structure, typically comprised of different se- 
quences or subunits, or a combination of different sequences of side chains and 
linkages, or differently substituted molecules. 
The term "comprises" means herein including but not limited to. 

Detailed description of the invention 

More specifically, the present invention relates to an antigenic composition 
comprised of a peptide-aldehyde conjugate, wherein the peptide is derived from 
the protein apoBlOO, or is of LDL-origin. The composition is capable of eliciting 
an immune response against non-native, oxidized low density protein (LDL) in a 
subject by interacting with T cell receptors (TcR). This is the first time that a role 
for T cell receptors are identified for the present purpose, which is highly sur- 
prising, especially in view of the above discussed findings by Palinski et al, and 
by George et al, where in fact the published data argue against an effect of im- 
munisation on T cell activity. 

The aldehyde portion of the present conjugate is in the most preferred embodi- 
ment an oxidatively produced aldehyde. Such an oxidation may e.g. be performed 
by exposure to oxidizing agents, like copper, iron etc., and will result in peroxi- 
dation of the lipid components, and covalent modifications of the protein compo- 
nents of LDL. 
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More specifically, the aldehyde portion is a dialdehyde, such as malondiaidehyde 
(MDA). However, other dialdehydes may be contemplated, such as oxaldialde- 
hyde, succindialdehyde, glutardialdehyde, adipic dialdehyde, pimelic dialdehyde 
etc. In an alternative embodiment, the aldehyde portion of the present conjugate 
is a modified monoaldehyde, such as 4-hydroxynonenal (4-HNE). 

Further, the peptide portion of the present conjugate preferably includes at least 
one lysine residue. In a specific embodiment, the peptide portion contains several 
proline residues that promote the formation of an MHC-binding secondary 
structure. Accordingly, the present peptide portion differs from the LDL particles 
used e.g. by Palinski, as discussed above, since the present invention only utilises 
the protein component of LDL particles, in the form of a well defined peptide. As 
mentioned above, LDL particles are comprised of protein, phospholipids, cho- 
lesterol, cholesteryl esters and triglycerides. (For a review of the heterogeneous 
molecular family of LDLs, see e.g. Krauss R. M. and Burke D. J. J. Lipid. Res. 
23 97-104 (1982)). As the skilled person in this field will realise, such a hetero- 
genous composition as an LDL particle cannot be envisaged for practical use e.g. 
in a vaccine composition for human use, since the number of various responses 
that can be elicited thereby is not possible to foresee. Thus, one great advantage 
with the present invention is that it provides an antigenic composition which 
contrary to the prior art is capable of eliciting a well defined response. 

In the most preferred embodiment of the present composition, the antigenic pro- 
perties are enhanced by association with a major histocompatibility (MHC) anti- 
gen. As is well known in this field, the MHC is a series of genes that encode 
protein molecules needed for immune responses. The MHC of mammalian speci- 
es contains three group of genes: class I, class II and class HI, wherein class I and 
II MHC products control recognition of self and non-self. Even though MHC 
molecules are specifically discussed in the present application, it is to be under- 
stood that the same general principles will also apply to HLA molecules, thus 
also included within the scope of the invention. As discussed in detail in the Ex- 
perimental section below, the present invention demonstrates for the first time 
that the immune response against an oxidized LDL in a mammal is restricted to 
MHC Class II, as T cells of the I-A^ haplotype recognized oxidized LDL pre- 
sented by I-A^ expressing but not I-A^ expressing antigen-presenting cells. Thus, 
the present immunisation is a self-recognizing reaction. Thus, by combining the 
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peptide-aldehyde conjugate with the appropriate MHC II region, the most effici- 
ent composition according to the invention is obtained. This is particularly true as 
in general, T lymphocytes only recognize the antigen and respond to it when pre- 
sented on the surface of the antigen-presenting cell. 

Accordingly, the present invention shows for the first time a dependence on 
MHC molecules for immunisation and protection tothis end 

In the most preferred embodiment of the present composition, said TcR chains 
are a 10 and 06 chains essentially of the sequence disclosed in SEQ ID NO:4 and 
SEQ ID NO:2, respectively, or any functional derivative, fragment or analogue 
thereof having similar antigenic properties. In other words, a "functional" deriva- 
tive, fragment or analogue means herein that such a derivative, fragment or ana- 
logue is also capable of interacting with the antigenic composition according to 
the invention. Testing such elements regarding their respective function is easily 
performed by the skilled in this field using common general knowledge and rou- 
tine methods. Thus, even though the sequences relate to TcR chains originating 
from mouse, it is to be understood that the present invention also relates to any 
antigenic peptide-aldehyde composition similar to the one disclosed above, which 
is capable of providing an interaction leading to an immunogenic response to 
non-native oxidized LDLs when administered to a mammal. Thus, the variable 
regions of die TcRs of a human subject are expected to deviate somewhat from 
the present sequences, presumably by exhibiting a homology of about 40% with 
the mouse TcR presented herein. In general, such a homology may be at least 
about 60%, and preferably at least about 74%, even though it is noted that the 
advantage of the present invention resides resides in the herein provided evidence 
that the TcR that recognizes oxidized LDL is in fact of al0p6 nature. Thus, ac- 
cording to the present invention, it has been shown that the response of a mam- 
mal against an oxidized LDL is of peptidic rather than lipidic nature, which has 
hitherto never been shown before. Further, the advantageous function of the he- 
rein discosed combination of aldehyde-peptide now enables the compounds ac- 
cording to the invention to be prepared e.g. by the screening method disclosed 
below. 

The present TcR chains are also depicted in Figure 4 wherein the mutual rela- 
tionship between said two sequences is shown. Accordingly, in one embodiment, 
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the composition according to the invention will be comprised of a spatial confi- 
guration similar or essentially identical to the three dimensional disclosure of Fi- 
gure 5. More specifically, the rather flat or shallow structure of the CDR3 region 
together with the exposed surface charges shown appear to be essential for the 
antigenic properties thereof. Accordingly, one particular embodiment of the pre- 
sent composition exhibits the three dimensional structure of Figure 5, while the 
exact amino acid sequence thereof may deviate to some degree from the sequen- 
ces disclosed in SEQ ID NO:4 and SEQ ID NO:2, respectively. In SEQ ID NO 3, 
the nucleic acid sequence encoding SEQ ID NO:4 is shown, and as regards amino 
acid no. 18 (Gly), it is noted that even though the third base of said triplet has 
been shown as a G, it may equally well be a U, C or A, which triplet will also 
result in the amino acid Gly. Thus, a further aspect of the invention is the nucleic 
acid sequences encoding the present TcRs and homologues thereof, essentially as 
shown in SEQ ID NO:l and SEQ ID NO:3, as well as any sequence capable of 
specific hybridisation to said sequences. 

More specifically, in the section "Experimental" below, the detailed characteri- 
zation of one hybridoma, denoted 96-7, will be presented. Its TcR carried the 
Val0/VB6 chains with a cluster of charged and polar amino acids in comple- 
mentarity-determining region 3 (CDR3). In the present context, "a cluster of 
charged and polar amino acids" means that a plurality of amino acids are selected 
from the group consisted of charged amino acids, more specifically among cys- 
teine, tyrosine, aspartic acid, glutamic acid, arginine, histidine and lysine, and/or 
the group that is consisted of polar amino acids, more specifically among serine, 
threonine, cysteine, tyrosine, aspartic acid, asparagine, glutamic acid, glutamine, 
arginine, histidine and lysine. This hybridoma recognized purified apoBlOO pro- 
tein conjugated with malondialdehyde (MDA) but not the native, unconjugated 
apoBlOO protein, thus provifing evidence that the present antigenic composition 
should comprise a dialdehyde, such as MDA. It also reacted with oxLDL but not 
native LDL. Thus, T cells of apoB TG mice recognize MDA-conjugated protein 
components after immunization with oxLDL. 

To study whether the above discussed process occurs spontaneously as part of the 
autoimmune response to oxLDL in atherosclerosis, T cell hybridomas from apo- 
lipoprotein E knockout (apoE KO) mice were established. Since these mice were 
not immunized prior to isolation of T cells, the reactivity of the hybridomas was 
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expected to reflect autoimmune reactivity. Again, T cell hybridomas were identi- 
fied that recognized oxLDL and MDA-LDL. Several different TcR-VB were ex- 
pressed by these hybridomas, suggesting that autoimmunization during athe- 
rosclerosis involves reactions against several different T cell epitopes. Accor- 
dingly, in a specific embodiment thereof, the present antigenic composition is 
capable of eliciting immune reactions by interacting with more than one such B 
chain. 

The present invention also relates to a cell which is capable of producing the 
peptide portion of an antigenic composition according to the invention on the 
surface thereof. Such a cell may be a prokaryotic or eukaryotic cell, such as any 
one of a plurality of well known mammalian cell lines frequently used in genetic 
recombination and expression of peptides and proteins. For the production of 
such a cell, a DNA encoding the desired peptide together with suitable regulatory 
elements is introduced into a suitable vector, such as a plasmid, a virus, etc. Said 
vector is then used to transfect a host cell by use of any well known method de- 
pending on the nature of the vector and cell in order to express the peptide por- 
tion on the cell surface. Subsequently, a conjugation of a suitable aldehyde por- 
tion may be performed by methods well known to those of skill in the field. In 
case of a procaryotic cell, the above mentioned regulatory elements should inclu- 
de signals required for secretion of the product. In one embodiment, the present 
cell is a I-A b haplotype and capable of I-A^ expression. Methods useful for the 
recombinant production of the present composition are e.g. found in Sambrook et 
al., Molecular Cloning, A Laboratory Manual, 2 nd ed., vol. 1-3, Cold Spring 
Harbour Laboratory, Cold Spring Harbor, NY, 1989; and Culture of Animal 
Cells, A Manual of Basic Technique, 3 rd ed., Wiley-Liss, New York, NY (1994). 
Further, the present composition is easily produced by well known methods for 
peptide synthesis and organic chemistry, see e.g Stewart et al., Solid Phase Pep- 
tide Synthesis, 2* d e d., Pierce Chem Co., Rockford, HI. (1984). Further, a scre- 
ening method for obtaining the compositions according to the invention from a 
library will be described in detail below. 

In addition, the present invention also relates to an animal model which expresses 
the above described TcR, i.e. the ap chains from mouse, or any homologue the- 
reof derived from another species, such as human. In one advantageous embodi- 
ment, the invention relates to a rodent model, preferably mouse, which expresses 
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the TcR essentially as defined in SEQ ID NOS: 1 and 4. The animal models ac- 
cording to the invention are advantageously used in vaccine preparation in order 
to optimise an immunogenic composition for use as a vaccine against athe- 
rosclerosis. Further, the present invention also encompasses cell cultures useful 
for the same purpose, preferably animal cells, e.g. a well known cell line wherein 
the gene encoding the present TcR al0p6 chains, or any homologue thereof, ha- 
ve been introduced. Accordingly, the invention also relates such cells and cell 
lines. 

In a second aspect, the present invention relates to the use of a composition or 
cell as defined above in the manufacture of a pharmaceutical preparation, specifi- 
cally a vaccine, against atherosclerosis. 

Thus, in a third aspect, the present invention relates to a method of producing a 
vaccine against atherosclerosis, which comprises the steps of 

(a) providing a library of peptides, preferably derived from the protein 
apoBlOO or of LDL origin; 

(b) incubating said peptides with suitable aldehydes under biological condi- 
tions and a time sufficient to produce conjugates of peptide-aldehyde; 

(c) separating non-conjugated peptides and aldehydes from the library; 

(d) incubating the conjugates obtained as described above with a T cell clo- 
ne, such as a hybridoma, that responds to an oxidized LDL in combina- 
tion with an antigen-presenting cell that displays major histocompatibi- 
lity complex (MHC) class II proteins essentially identical to, e.g. of the 
same or a similar haplotype as, the clone; 

(e) selecting conjugates capable of specific activation of the T cell clone; 
and 

(f) formulating a vaccine composition from said selected conjugate and a 
pharmaceutically acceptable carrier. 

The vaccine produced by the method according to the invention may comprise 
any one of the above described embodiments of the antigenic composition. 

More specifically, the components of the incubation step can be added to form a 
mixture in any order and way that provides the requisite bindings. The incubation 
temperature should enable optimal binding or conjugation, typically between 4 
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and 400C, such as about 15-40°C, e.g. about 37° C. The separation steps may be 
performed in a variety of ways well known to those of skill in the field, e.g. by 
immobilisation of one component on a solid substrate. The immobilisation may 
e.g. be accomplished by use of conventinal binding partners, such as biotin- 
streptavidin or the like and the solid substrate may be a microtiter plate, microbe- 
ads, a dipstick, resin particles or any other suitable material. Thus, such a separa- 
tion may include one or more rinse or washings in order to remove unbound or 
unconjugated material as well as further components of the incubation mixture, 
e.g. salts, buffers, detergents etc. Detection may be effected in any convenient 
way, such as by coupling one of the components to a suitable label, e.g. a radio- 
active isotope of phosphorous directly detectable by particle counters. 
Regarding the production of T cell hybridomas, as an example, the manufacture 
of a CD4+ T cell hybridoma will be disclosed below in the experimental section. 
(The hybridoma technique was originally described by K6hler and Milstein (K6- 
hler and Milstein. 1975, Nature. 256:495-497). 

Accordingly, in a fourth aspect, the invention relates to a pharmaceutical prepa- 
ration, i.e. a vaccine, for generating an immune response in a mammal to non- 
native, oxidized LDL, which preparation comprises an antigenic composition as 
defined above together with a pharmaceutically acceptable carrier. Optionally, it 
may also include and/or one or more suitable adjuvants. The antigenic composi- 
tion may for example originally have been identified by the method disclosed 
above, even though once it has been identified, it can conveniently be produced 
by any method well known to the skilled in this field, such as chemical synthesis 
or recombinant DNA technique followed by chemical conjugation etc. (See e.g. 
Fields and Noble (1990), Int. J. Pept Protein Res, 35: 161-214). In the preferred 
embodiment, the aldehyde portion of the composition is a dialdehyde, such as 
malondialdehyde (MDA), or any other dialdehyde as discussed above. In the 
most preferred embodiment, the present preparation is manufactured in a form 
suitable for subcutaneous injection. However, other forms may be encompassed, 
such as intravenous, cutaneous or subcutaneous, nasal, intramuscular or intrape- 
ritoneal etc. (Methods of drug delivery are discussed e.g. in Langer, Science 
249:1527-1533 (1990)). Regardless of the route of administration, the prepara- 
tions according to the invention are formulated into pharmaceutically acceptable 
dosage forms by conventional methods known to those of skill in this field (see 
e.g. Remington's Pharmaceutical Sciences, 16^ edition, Osol, A., 1980). In the 
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present preparation, the amount of active ingredient combined with the carrier for 
a single dosage form will vary depending on the host being treated, e.g. age, body 
weight etc, the selected route of administration and other factors well known to 
those of skill on this field. The pharmaceutically acceptable carrier may be any 
suitable aqueous or non-aqueous carrier, such as water, saline, ethanol, polyols, 
such as glycerol, proplylene glycol, polyethylene glycol, or the like, or any other 
suitable material. The present solutions are sterile and generally free of undesi- 
rable matter. Further, they may also comprise one or more suitable adjuvant(s) 
that enhances the effect of the vaccine, such as an aluminium salt It may also be 
desirable to include isotonic agents, such as sugars, sodium chloride etc in the 
preparation. Further additives, such as wetting agents, emulsifying agents, dis- 
persing agents etc are included as requisite. 

In the present context, it is understood that the considerations discussed above in 
relation to the antigenic composition also will apply to the vaccine comprising 
said antigenic composition of the present method. 

In a further aspect, the present invention relates to antibodies for the prevention 
and/or treatment of atherosclerosis. In a first embodiment, an antibody is raised 
against the TcR chains involved in the atherosclerotic immunogenic pathway, 
such as TcR chains of the sequence disclosed in SEQ. ID, NOS:4 and 2, or the 
human homologue thereof, or any functionally equivalent derivative, fragment or 
analogue thereof. Such antibodies are produced by administering the present TcR 
as a vaccine. Alternatively, the antibodies are produced in a first subject by expo- 
sure to the present TcR and subsequently used to treat a second subject by admi- 
nistration thereof as therapy. In a second embodiment, the antibody according to 
the invention is an antibody raised against oxidized LDL, and most preferably, it 
is an immunoglobulin G (IgG) antibody. Such an antibody have indeed been ob- 
served before, but the present inventors suggest for the first time its use for pre- 
vention and/or treatment of atherosclerosis, enabled as the effect and reactivity 
thereof has now been elucidated 

In therapy, the antibodies according to the invention will be administered in one 
or more dosages, and the amount needed will depend on during which phase of 
the disease the therapy is given as well as on other factors. In order to produce 
such novel antibodies, the antigenic composition according to the invention will 
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be administered to a subject in order to induce the production of the above 
described antibodies characteristic for athersclerosis. Preferably, the novel anti- 
bodies will be monoclonal antibodies. Once designed, such novel antibodies may 
be produced by conventional techniques and used in therapy. In general, a mo- 
noclonal antibody to an epitope of the present antigen can be prepared by using a 
technique which provides for the production of antibody molecules from conti- 
nuous cell lines in culture and methods of preparing antibodies are well known to 
the skilled in this field (see e.g. Coligan (1991) Current Protocols in Immunolo- 
gy, Wiley/Greene, NY; Harlow and Lane (1989) Antibodies: A Laboratory Ma- 
nual, Cold Spring Harbor Press, NY; and Goding (1986) Monoclonal Antibodies; 
Principles and Practice (2 nd ed) Academic Press, New York, NY). For thera- 
peutic purposes, there may be an interest in using human antibodies. Immunisa- 
tion of a human host with the T cell receptor or fragment thereof to activate T 
cells specific for the sequence of interest is one possibility. Alternatively, mice or 
other lower mammals are immunized, and the genes encoding the variable regi- 
ons of the antibodies specific for the present T cell region of interest are isolated 
and manipulated by joining to an appropriate human constant region, and optio- 
nally, the complementary determining regions (CDR) used to replace the CDRs 
of a human antibody by genetic engineering. The resulting chimeric construct, 
comprising a lower mammal variable region or CDRs and a human constant regi- 
on may then be transformed into a microorganism or mammalian host cell in 
culture, particularly a lymphocyte, and the hybrid antibodies expressed Also re- 
cent techniques suggest random association of immunoglobulin genes from a 
human host for expression in a non-human cell host e.g. prokaryotic, and scre- 
ening for affinity. 

For therapeutic purposes, the present antibody is formulated with conventional 
phatmaceutically or pharmacologically acceptable vehicles for administration, 
conveniently by injection. Vehicles include deionized water, saline, phosphate- 
buffered saline, Ringer's solution, dextrose solution, Hank's solution, etc. Other 
additives may include additives to provide isotonicity, buffers, preservatives, and 
the like. The antibody may be administered parenterally, typically intravenously 
or intramuscularly, as a bolus, intermittently or in a continuous regimen. Desi- 
rably, the dose should deplete or at least bind about 75% of the undesired T cells, 
preferably at least about 90%. 
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In yet another aspect, the invention relates to the use of a cell that is induced to 
carry MDA-protein conjugates as an immunogen for the prevention and/or treat- 
ment of atherosclerosis. In a first embodiment, cells obtained from the blood or 
another easily accessible source of an individual are treated with MDA to gene- 
rate MDA-protein complexes on the cell surface. The protocol for MDA conju- 
gation of cell surface proteins may or may not involve a step of fixation before 
the addition of MDA in order to prevent the cell from internalizing the added 
MDA and thus to ensure that modification is directed towards cell surface prote- 
ins alone. After modification, MDA conjugated cells will be formulated with 
conventional pharmaceutically or pharmacologically acceptable vehicles for ad- 
ministration, conveniently by injection or oral administration. Additives may 
include substances to preserve isotonicity, buffers, preservatives, and possibly 
also one or more suitable adjuvant(s) that enhances the immunogenic effect of the 
cell preparation. Administrations of the MDA-conjugated cells will be performed 
either by a single injection or by repeated injections in such a way that maximal 
protective immune responses reactive towards MDA-LDL are achieved in the 
recipient individual. 

In a second embodiment, HLA class II molecules corresponding to the haplotype 
of an individual are generated by recombinant DNA technology involving ex- 
pression in a suitable prokaryotic or eukaryotic expression system (see above) 
and subjected to MDA conjugation. The exposure of the HLA molecules may be 
optimized by incorporating them in a liposome or other compartmentalized lipid- 
protein particle. Such preparations of MDA-conjugated HLA molecules will be 
formulated for parenteral or peroral administration with or without the addition of 
suitable preservatives or adjuvants and used for injections. Administrations of the 
MDA-conjugated HLA molecule preparations will be performed either by a 
single injection or by repeated injections in such a way that maximal protective 
immune responses directed against, or reactive towards, MDA-LDL are achieved 
in the recipient individual. 

In another aspect, the present invention relates to the use of a T cell receptor 
(TcR), which exhibits essential similarities with the mouse TcR identified accor- 
ding to the present invention as described by SEQ ID NOS:2 and 4 as well as in 
Figure 5, as a lead compound in a method of molecular modelling of a ligand 
capable of binding such a TcR. In order to successfully design an advantageous 
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ligand, practical experimentation will preferably be combined with the modelling 
procedure. As compared to the above described screening method according to 
the invention, molecular modelling will provide ligands with equal or even en- 
hanced therapeutic activity for use as vaccines. More specifically, novel ligands 
may be modelled according to physical properties, e.g. stereochemistry, bonding, 
size and/or charge, using data from a range of sources, e.g. spectroscopic 
techniques, X-ray diffraction data and NMR. Computational analysis and simila- 
rity mapping as well as other techniques are useful to this end. The TcR lead 
should be in the configuration adapted thereof in its active i.e. binding state. Al- 
ternatively, an antigenic composition according to the invention is used as a lead 
in order to prepare a peptidomimetic thereof i.e. a molecule that closely resemb- 
les the original peptide-aldehyde conjugate but which preferably exhibits enhan- 
ced properties, such as an improved therapeutic activity, no side-effects, ease of 
preparation etc. 

In a last aspect, the present invention relates to a method of diagnosis of athe- 
rosclerosis which comprises determining the presence in a human host of the he- 
rein defined TcR, or any functional equivalent thereof, preferably the human ho- 
mologue, the presence of such TcR being an indication or marker of athe- 
rosclerosis. The present diagnosis is more advantageous than previously known 
methods using X-ray techniques as the present diagnosis enables a diagnosis at a 
much earlier stage, in turn enabling an earlier started therapy or treatment. More 
specifically, by analysing a simple cell or blood sample, the present invention 
provides a diagnostic method which is proportional rather than quantitative, as 
are previously known methods. The novel proportional analysis according to the 
invention will provide a more reliable diagnosis, as variations exist between pati- 
ents due to age, body weight etc., thus making the prior art concentration based 
methods less exact. 

Thus, the invention relates to a method for diagnosis of affliction with athe- 
rosclerosis in a patient, by which method the presence of a TcR as disclosed by 
SEQ ID NO:4 and SEQ ID NO:2, or a functional derivative, fragment or analo- 
gue thereof, is assayed, said method comprising the steps of: 

(a) providing a sample of body fluid obtained from said patient, 

(b) combining said sample with a marker of the TcR to be detected; 

(c) detecting the relative presence of TcR in said sample; 
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(d) comparing the detected presence of TcR to a reference value; and 

(e) using the comparison in (d) in the diagnosis of affliction with atherosclerosis, 
wherein in step (d), the proportion of the total amount of T cells which constitu- 
tes TcRs having a spatial configuration essentially as the CDR3 region disclosed 
in Figure 5 and comprising an amino acid sequence essentially as defined by 
SEQ ID NO:4 and SEQ ID NO:2, is determined. 

Detailed description of the drawings 

Figure 1 illustrates the proliferation of LN cells from apoB-TG mice immunized 
with human oxLDL in response to native and oxidized human LDL. 
Figure 2 illustrates that ApoB-TG hybridomas recognize oxLDL in an I-A^ re- 
stricted manner. Data are proliferation of (the IL-2 and IL-4 sensitive) CTL-L2 
cell line when incubated with culture supernatants from T cell hybridomas expo- 
sed to native or oxidized LDL in the presence of irradiated, syngeneic (I-A^) an- 
tigen-presenting spleen cells. For positive hybridoma clones, activation in the 
presence of allogeneic I-A<* APCs is shown in the inset (same scale: 10.1()3 - 
25. 10^ cpm). Approximative^ 50,000 cpm and 30,000 cpm were counted with 
20 U IL-2 and with supernatant from concanavalin A-stimulated (2.5 |ng/ml) hyb- 
ridomas, respectively. 

Figure 3 illustrates how hybridoma 96-7 expresses TcRaB with VB6 variable 
domains. 

A) FACS analysis showing surface expression of TcRaB, but not TcRyS. 

B) RT-PCR analysis reveals expression of mRNA for variable domains VB6 and 
VB5.2. The latter is derived from the hybridoma fusion partner BW5147 (not 
shown). 

C-E) FACS analysis demonstrates surface expression of TcR- VB6 but not VB11 
orVB5.1-5.2. 

Figure 4 illustrates the nucleotide and extrapolated amino acid sequences of the 
CDR3 region (grey box) of the 96-7 hybridoma. 

Figure 5 illustrates the 3D structure of the clone 2c (A, B; (Garcia KC, Degano 
M, Stanfield RL, Brunmark A, Jackson MR, Peterson PA, Teyton L, Wilson IA. 
An alphabeta T cell receptor structure at 2.5 A and its orientation in the TCR- 
MHC complex :see comments:. Science 1996;274:209-219)) and of the clone 96- 
7 (C-F). B-F show magnifications of the CDR3 region (position Va 80-117; VB 
84-116). D-F: The 96-7 TcR is characterized by charged (arrows, red color - 
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andra markeringssatt sk att det syns i svart-vitt) and polar amino acids and by the 
side chain of the arginine residue (Arg 100) protruding out of the TcR. 
Figure 6 illustrates that hybridoma 96-7 recognizes MDA-apoBlOO. Activation 
was analyzed using irradiated syngeneic spleen cells as antigen presenting cells 
and the indicator cell line CTL-L2 as described in the legend to Fig. 2 and is pre- 
sented as Acpm (cpm of stimulated culture - cpm of unstimulated culture). nLDL, 
native LDL; oxLDL, oxidized LDL; n-apoBlOO, native apoBlOO protein; MDA- 
apoBlOO, malondialdehyde-modified apoBlOO protein; n-LDL peptides, proteo- 
lytic peptides of native LDL; oxLDL peptides, proteolytic peptides of copper- 
oxidized LDL. Mean ± SEM. 

Figure 7 illustrates that T cell hybridomas derived from non-immunized apoE 
KO mice recognize modified LDL. The CTL-L2 assay was used to assess the 
reactivity of hybridomas to human and mouse oxLDL, MDA-LDL, and native 
LDL in the presence of syngeneic APC. Data shown are Acpm calculated as 
described in the legend to Fig. 6. The following TcR-VB domains were identified 
in these cultures: Culture 6c6 - VB4, 8.2, 10, 13; culture 3al - VB1; culture 6a5 - 
V62, 6, 12; culture 4c6- VB12. 

Figure 8A shows how fixed MDA-modified spleen cells stimulated hybridoma 
M20 (bottom bar), while unfixed, but not fixed, (spleen cells were able to process 
and present whole MDA-MSA (top bars). Figure 8B shows how spleen cells we- 
re pulsed with MDA-MSA, washed and coincubated with M20 hybridoma T 
cells. MDA-specific antibodies, but not control IgG2a antibodies, completely 
blocked antigen recognition by the hybridoma T cells. In summary, Fig 8 shows 
that (i) the MDA-adducts on peptides can be recognized without processing and 
(ii) the aldehyde is pointing out from the MHC-bound peptide towards the TcR. 
This rules out processing-dependent recognition of native self peptides and thus 
provides the first direct evidence that aldehyde-adducts can form part of a TcR 
epitope. 

Further conclusions drawn by interpretation of the present drawings will be 
discussed below in the Experimental section. 



EXPERIMENTAL 

The examples discussed below are provided only for the purpose of illustrating 
the present invention and should not be construed as any limitation of the scope 
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as defined by the appended claims. All references given below and elsewhere in 
the present application are hereby included herein by reference. 

Procedure 

According to the present invention, it was hypothesized that the immunogenicity 
of LDL could result from the reaction of aldehydes with positive amino acids in 
apoBlOO such as lysine. To test this possibility, two studies were performed. 
Firstly, the immune response of apoBlOO-transgenic (apoB-TG) mice to oxidized 
LDL was characterized. Since such mice have been engineered to produce high 
levels of human apoBlOO apolipoprotein (Linton MF, Farese RJ, Chiesa G, Grass 
DS, Chin P, Hammer RE, Hobbs HH, Young SG. Transgenic mice expressing 
high plasma concentrations of human apolipoprotein B100 and lipoprotein(a). J, 
Clin. Invest. 1993;92:3029-3037), they are expected to be tolerant to native hu- 
man LDL. These mice were immunized with human oxLDL and the T cell res- 
ponse against oxidation-induced epitopes on LDL by T cell hybridomas was cha- 
racterized. Secondly, since TcR recognition of lipid peroxidation derived aldehy- 
de adducts has previously not been described, the present inventors corroborated 
the findings above in a model system where normal B6 mice were immunized 
with MDA-albumin. Using this approach, the concept of direct TcR recognition 
of MDA-adducts was confirmed. 

Material and Methods 
LDL and apoB preparations 

Human LDL (d=1.019-1.063 g/ml) was obtained under sterile conditions by ult- 
racentrifugation of pooled human plasma collected from 10 donors. Human 
apoBlOO (Sigma, St Louis, USA) was extensively dialyzed against a 0.02 ng/mL 
SDS solution to remove most of the SDS contained in the lyophilized prepara- 
tion. The final SDS concentration was determined in separate experiments and 
found to be optimal at 0.02 jig/mL in order to keep the protein soluble, allow the 
MDA modification, and prevent cytotoxic effects. Malondialdehyde-modified 
LDL and apoBlOO (MDA-LDL and MDA-apoB) were produced as previously 
described (Palinski W, Rosenfeld ME 3 Yl:a-Herttuala S, Gurtner GC, Socher SS, 
Butler SW, Parthasarathy S, Carew TE, Steinberg D, Witztum JL. Low density 
lipoprotein undergoes oxidative modification in vivo. Proc Natl Acad Sci USA 
1989;86:1372-1376; Palinski W, Yla-Herttuala S, Rosenfeld ME, Butler SW, 
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Socher SA, Parthasarathy S, Cuirtiss LK, Witztum JL. Antisera and monoclonal 
antibodies specific for epitopes generated during oxidative modification of low 
density lipoprotein. Arterioscler. Thromb. 1990;10:325-335). Briefly, MDA was 
generated by acidic reaction of 1,1,3,3-tetramethoxypropane (Sigma) with HC1 
(4M) for 10 min at 37°C. After neutralization of the MDA solution, lOOpl of 
MDA (0.5M) was added to 1 mg of LDL or 1 mg apoBlOO. After 3 hours of in- 
cubation at 37°C, free MDA was removed by dialysis. Oxidized LDL was produ- 
ced by an overnight oxidation with 5 p.M Q1SO4 as previously described 
(Stemme et al.,1995, supra). The degree of oxidation was evaluated by a spectro- 
fluorometric analysis (excitation at 350nm and emission at 433nm) as described 
by Steinbrecher (Steinbrecher UP. Oxidation of human low density lipoprotein 
results in derivatization of lysine residues of apolipoprotein B by lipid peroxide 
decomposition products. J Biol Chem 1987;262:3603-3608). The fluorescent in- 
tensity of the oxLDL preparations was always >0.5 as compared to the fluore- 
scent intensity of native LDL <0.2. 

Peptides of native and copper-oxidized LDL were generated by proteolysis of 
lipoproteins (2mg) with agarose-bound a-chymotrypsin (20 |xg enzyme; Sigma) 
in 150 mM NH4HCO3 for 6 days at 37°C. The a-chymotrypsin was removed by 
centrifugation for 10 min at 5000 g, and the apoBlOO peptides were isolated from 
the lipoproteins by ultracentrifugation (Amicon-50) and lyophilised. 

Animals 

Seven week-old male apoB-TG mice (B6,129-Apob tm2S gy, DNX Transgenics, 
Princepton, NJ, USA) were immunized with 50 n-g human oxLDL/mouse mixed 
with equal amount with complete Freund's adjuvant. After 2 weeks, mice were 
boosted with 50 jig oxLDL mixed with incomplete Freund's adjuvant (v/v). Nai- 
ve mice were used as donor of spleens for APC preparations. 
Five month-old male apoE-KO mice (Jackson Laboratory, Bar Harbor, ME, 
USA) were fed during 4 months with a pro-atherogenic diet containing 0.15% 
cholesterol (AB AnalyCen, Linkoping, Sweden). Naive mice were used as donors 
of spleens for antigen presenting cells (APC) preparations and donors of thymus 
for the preparation of thymocyte-conditioned medium. 

Spleens from BALB/c mice (Jackson Laboratory) were used as a source of con- 
trol I-A^ allogenic APCs. For the parallell study, normal B6 mice were immu- 
nized with MDA-MSA. A primary immunisation with MDA-MSA in Freund's 
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complete adjuvant was followed by booster injections of MDA-MSA in incomp- 
lete adjuvant (see above). 

Cell culture 

At sacrifice, the inguinal, mesenteric, aortic and axillary lymph nodes (LN) were 
harvested. LN cells were prepared by meshing the tissues on 100 \im nylon filters 
followed by a series of washing steps in Dulbecco's modified Eagle's medium 
with 5% fetal bovine serum (DMEM/5%). T cell reactivity was determined in 96- 
well plate assays with 300,000 cells/well in the presence of different stimuli: 
Concanavalin A (Sigma), native, and oxLDL. Each type of stimulation was per- 
formed in triplicate. The plates were incubated for 4 days at 37°C, 5% CO2. 
During the last 18 h of culture, cells were pulsed with 1 jiCi of 3 H-thymidine. 
Thymidine incorporation was measured with a Wallac Microbeta B-counter (Tur- 
ku, Finland). 

Syngeneic spleen cells used as APCs were prepared as LN cells except that red 
blood cells in the spleen cell preparations were lysed with ACK lysing buffer 
(0.15 M NH4CI, 1 mM KHCO3, 0.1 mM Na 2 EDTA, pH 7.3). 

T cell hvbridomas 

T cell hybridomas were generated by polyethylene glycol-induced fusion of LN 
cells (50xl0 6 cells) with the BW5147 thymoma (30xl0 6 cells) as previously 
described (Kappler JW, Skidmore B, White J, Marrack P. Antigen-inducible, H- 
2-restricted, interleukin-2-producing T cell hybridomas. Lack of independent an- 
tigen and H-2 recognition. 1 Exp. Med. 1981;153:1198-1214). LN cells from 
oxLDL-immunized apoB-TG mice were stimulated with 3 jig/ml oxLDL during 
3 days, while LN cells from apoE-KO mice were not stimulated in vitro. After 
fusion, lxl 06 thymocytes/ml were added as feeder cells and the cell suspension 
was plated in five 96-well plate and incubated at 37°C, 7.5% CO2. After one day 
of incubation, hypoxanlhine-aminopterin-thymidine was added to the medium to 
select fused cells. CD3+/CD4+ hybridomas (50,000 cells) were then challenged 
with concanavalin A, oxLDL, nLDL or MDA-LDL at the indicated doses in pre- 
sence of 50,000 irradiated spleen cells (matched I-A^ haplotype and mismatched 
I-A^ as control). After 24h, 50 jjlI of supernatant was collected and its IL-2 con- 
tent was assessed by a CTLL-2 assay. 5,000 CTLL-2 cells were added to the 
50 \i\ of supernatant or to a standard dilution of mouse recombinant IL-2. 
One nCi of ^H-thymidine was added after one day of incubation and the thymi- 
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dine was measured with a Wallac Microbeta B-counter after 18 h of culture. Li- 
miting dilution cloning was performed in DMEM/20% supplemented with 5% 
thymocyte-conditioned medium. Thymocyte-conditioned medium was obtained 
from the supernatant of 5-day thymocytes culture in DMEM/20%/1 OmM 
HEPES/lmM pyruvate. MDA-MSA reactive T cell hybridomas were established 
in a similar manner. 



RNA and cDNA preparations 

mRNA was prepared from 2x10^ cells with a Dynabeads mRNA direct kit from 
Dynal (Oslo, Norway). Single-stranded cDNA synthesis was performed by Su- 
perscriptn (Life Technologies, Taby, Sweden) according to the manufacturer. 
Briefly, half of the cDNA preparation was incubated with 50 pmol random pdN6 
(Pharmacia, Uppsala, Sweden) at 70° for 3 min. After transfer to ice, 5X first 
strand buffer, SuperscriptH, RNasin (Promega, Madison, WI, USA) and dNTPs 
(Pharmacia) were added. The samples were incubated for 10 min at 25°C, 50 min 
at 42°C, 4 min at 94°C and stored at -85°C. 

PCR reactions 

cDNA was amplified by PCR in a mastermix containing 10 mM Tris-HCl, 50 
mM Kcl, 1.5 mM MgCl2, 1 mM dNTP, 0.2 U/ml Taq polymerase (Life Techno- 
logies, Taby, Sweden) (Pannetier C, Cochet M, Darche S, Casrouge A, Zoller M, 
Kourilsky P. The sizes of the CDR3 hypervariable regions of the murine T cell 
receptor beta chains vary as a function of the recombined germ-line segments. 
Proc. Natl Acad. Set USA. 1993;90:4319-4323). For amplification of 19 TcRcc 
chain cDNA, a set of 19 Va primers was used together with one Ca primer 
(Table 1 below). Similarly, 24 VB primers were used with one CB primer to amp- 
lify the TcR VB chain cDNA (Table 1 below). Final concentration of primers 0.2 
\xmoVL each. All primer sequence for Va, VB, Ca, and CB used in the RT-PCR 
reactions comes from ref. [Patten, 1984 #344; Chien, 1984 #1273; Chien, 1996 
#81; Chou, 1986 #1276; Chou, 1987 #341; Chou, 1987 #1277; Tillinghast, 1986 
#1278; Kappler, 1987 #754; Koide, 1993 #338; Pannetier, 1993 #339; Casanova, 
1991 #1279], Each reaction was performed in a separate tube, i.e. each PCR tube 
contained one of the alternative V primers together with the C primer. The first 
PCR cycle started with 2.5 min in a hot block at 95°C followed by 56<>C (40 sec) 
and 72°C (60 sec). The ensuing 34 cycles consisted of 94<>C (40 sec), 56°C (40 
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sec) and 72°C (60 sec) in a Tetrad (MJ Research, Wateretown, MA, USA). PCR 
products were loaded together with a size marker (100 bp, Life Technologies) on 
a 1.7% agarose gel. 
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Segment Segment Sequenctog^rimer 



VBl CAGTTGATTVGAAATGAGACGGT VB6 CTCTCACTGTGACATCTGCC 

VB2 AGTCCTGGGGACAAAGAGGTCAAA 

VB3 AACGATTCTCTGCTGAGTGTCCT Cfi TGCAATCTCTGCTTTTGATGGCTC 

VB4 TTATGGACAATCAGACTGCCTC 

TO5 GGAGAGAGATAAAGGAAACC 

VJ35.2 AAGGTGGAGAGAGACAAAGGATTC 

)P«(y CTCTCACTGTGACATCTGCC 

Vfi7 TAGTAACAGCGAAGGAGACATCCC 

FJSS CAGGAGGAAACGTGACATTGA 

J53&7 CATTACTCATATGTCGCTGAC 

VB8.2 CATTATTCATATGGTGCTGGC 

Vfi8.3 TGCTGGCAACTTCGAATAGGA 

VJ39 TCTCTCTACATTGGCTCTGCA 

VfilO GCTTCTCACCTCAGTCTTCAGAT 

ra/7 tcctatagatgattcagggatgcc 

1^972 TTATGGAAGATGGTGGGGAT 

ra/3 tgccctcggatcgattttctgct 

VB14 attactgttggccaggtagagt 

ra/5 GGCATTTGAACTGATAGCAC 

*5?i<J CACTCTGAAAATCCAACCCAC 

VBl 7 AGTGTTCCTCGAACTCACAG 

FJ37S AGCCGGCCAAACCTAACATTC 

VB19 CCCATAAACGGACATAGTTACG 
TCTGCAGCCTGGGAATCAGAA 

Qff TGCAATCTCTGCTTTTGATGGCTC 



Val GCACTGATGTCCATCTTCTC 

Va2 AAAGGGAGAAAAAGCTCTCC 

Va3 AAGTACTATTCCGGAGACCC 

Forf CAGTATCCCGGAGAAGGTC 

Va5 CAAG AAAG ACAAACGACTCTC 

Fa<5 ATGGCTTTCCTGGCTATTGCC 

Fo7 TCTGTAGTCTTCCAGAAATC 

FoS CAACAAGAGGACCGAGCACC 

Fa? TAGTGACTGTGGTGGATGTC 

ValO AACGTCGCAGCTCTTTGCAC 

my; ccctgcacatcagggatgcc 

J&7.2 TCTGTTTATCTCTGCTGACC 

Hzili ACCTGGAGAGAATCCTAAGC 

ffc^S TCCTGGTTGACCAAAAAGAC 

VaAW TGGTTTGAAGGACAGTGGGC 

VaBWB CATTCGCTCAAATGTGAACAG 

VaBMA CAAATGAGAGAGAGAAGCGC 

VaBMB GGAAAATGCAACAGTGGGTC 

Fa57 GACATGACTGGCTTCCTGAAGGCC 



Ox CACCAGCAGGTTCTGGGTTC 
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Nomenclature and sequences were derived from (Pannetier C, Cochet M, Darche 
S, Casrouge A, Zoller M, Kourilsky P. The sizes of the CDR3 hypervariable re- 
gions of the murine T cell receptor beta chains vary as a function of the recombi- 
ned germ-line segments. Proc. Natl Acad. Set USA. 1993;90:4319-4323; Patten 
P, Yokota T, Rothbard J, Chien Y, Arai K, Davis MM. Structure, expression and 
divergence of T cell receptor beta-chain variable regions. Nature 1984;3 12:40- 
46; Chien KR. Genes and physiology: molecular physiology in genetically engi- 
neered animals. J Clin Invest 1996;98:S19-S26; Chou HS, Anderson SJ, Louie 
MC, Godambe SA, Pozzi MR, Behlke MA, Huppi K, Loh DY. Tandem linkage 
and unusual RNA splicing of the T cell receptor beta-chain variable-region genes. 
Proc. Natl Acad. Set USA. 1987;84:1992-1996; Kappler JW, Roehm N, Marrack 
P. T cell tolerance by clonal elimination in the thymus. Cell 1987;49:273-280; 
and Koide Y, Kaidoh T, Yanagawa T, Yoshida TO. A comparative study on T 
cell receptor V beta gene usages: spleen cells from the non-obese diabetic (NOD) 
mouse and its non-diabetic sister strain, the ILI mouse, and infiltrating T cells 
into pancreata of NOD mice. Microbiol Immunol. 1993;37:653-659). V primer 
sequences are from the coding strand and C primer sequences are from the non- 
coding strand. 

Sequencing of the TcR of the hvbridoma 96-6 

CDNA was amplified using primers specific for the ValO 
(AACGTCGCAGCTCTTTGCAC) and VB6 (CTCTCACTGTGACATCTGCC) 
chains and with their corresponding C-region primer (Ccc: 
CACCAGCAGGTTCTGGGTTC; CB: TGCAATCTCTGCTTTTGATGGCTC). 
PCR products were run through a Microcon concentrator (Amicon, Beverly, 
MA, USA ; membrane cut-off 50,000 Dalton) to separate them from excess of 
primers and nucleotides before sequencing reaction was performed. The sequen- 
cing reaction was performed with the ABI Prism™ Dye Terminator Cycle 
Sequencing Core Kit according to manufacturer (ABI-Perkin Elmer, Sundbyberg, 
Sweden) using the sequencing primers described previously (Paulsson G, Zhou, 
X., Tornquist, E., Hansson, G. K. Oligoclonal T cell expansions in atherosclerotic 
lesions of apoE-deficient mice. Arteriosclerosis, Thrombosis, and Vascular Bio- 
logy 1999; in press). The amplification started with one cycle at 96°C for 2 min, 
55°C for 15 s and 60°C for 4 min, followed by 25 cycles at 96°C for 30 s, 50°C 
for 15 s and 60°C for 4 min. DNA sequencing products were purified on a Cent- 
risep column (Princeton Separations, Adelphia, NJ, USA). The analysis of the 
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sequencing products was performed with ABI/Perkin Elmer equipment at a core 
facility at the Center for Molecular Medicine of Karolinska Hospital, Sweden. 
The sequences were analyzed with the Lasergene program for Macintosh 
(DNASTAR). 

Modeling oftheTcR 

The 3D structure was extrapolated from a crystallized mouse TcR (Garcia et al., 
1996, supra). The a and B chains of this TcR present respectively 79.2% and 
73.7% similarity with the a- and B-chain of the 96-7 clone. This score is suffici- 
ent to allow an extrapolation of the 3D protein structure of the TcR from the clo- 
ne 96-7. SwissPdbViewer 3.5 was used for the modelisation and molecular sur- 
face images were generated by the Graphical Representation and Analysis of 
Structure Server (http://trantor.bioc.colmnbia,eduV 

FACS analysis 

Cells were stained for 30 min at 4°C using FITC-conjugated anti-CD3, Cychro- 
me-conjugated anti-CD4, and phycoeiythrin-anti-CD8, purified hamster anti-y/8 
and anti-a/B TcR, biotinylated anti-Vfll, VB2, VB3.2, VB4, VB5.1-5.2, VB6, VB7, 
VB8.1-8.2, VB8.3, VB9, VBlOb, VB11, VB12, VB13 (Pharmingen, San Diego, 
CA, USA). Cells were washed and analyzed with a FACSCalibur® (Becton 
Dickinson, Mountain View, CA, USA) flow cytometer. 

RESULTS 

T cell hybridomas of oxLDL-immunized apoB-TG mice exhibit I-A^ restricted 
recognition of oxidized LDL 

ApoB-TG mice were used to characterize the T cell response to oxLDL. Since 
these mice constitutively express high levels of human apoBlOO from fetal life, 
they should be tolerant to the native protein. After a primary immunization with 
human oxLDL in complete and a booster immunization in incomplete Freund's 
adjuvant, LN cells from apoB-TG mice were reactive specifically against oxLDL 
and did not respond to native LDL (Fig. 1). T cells were fused with BW5147 
lymphoma cells to generate hybridomas. 268 hybridoma cultures were growing, 
among which 117 were CD3+CD4+. Among these, ten were producing IL-2/IL-4 
in response to oxLDL in the presence of syngenic APCs and were cloned by li- 
miting dilution. 
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Fig. 2 shows representative data from three responding and three non-responding 
T cell hybridoma clones. The hybridomas as well as the original bulk cultures 
exhibited I-A^ restricted, specific responses to oxLDL but not native LDL. While 
bulk cultures reacted by 1L-2/IL-4 secretion over a relatively wide concentration 
range of antigen, the T cell hybridomas showed a very narrow concentration 
range for optimal activation (Fig. 2). It is possible that the wider concentration 
range of the bulk cultures were caused by additive effects of a large number of T 
cells with slightly different sensitivities. 

Expression of TcR-ValO-Jal2/VB6-Dfll.l-JB2.7 antigen receptor by oxLDL- 
reactive T cell hybridomas 

The TcR from 96-6 and 96-7, two hybridomas reactive to oxLDL (Fig. 2), were 
characterized in detail. First, it was determined by FACS analysis that both hyb- 
ridomas were expressing oc/B rather than y/5 TcR (Fig. 3). The expression of the 
VB chain of the TcR was then assessed by RT-PCR. Both hybridomas were ex- 
pressing the VB5.2 and V86 variable regions (Fig. 3). The thymoma BW5147 
expressed VB5.2 rearranged chains and all hybridomas were also expressing 
VB5.2 at the RNA level (data not shown). To certify that no other VB segment 
than VB6 was expressed and to check whether the VB5.2 chain was expressed at 
the surface of the 96-7 clone, a FACS analysis was performed with a panel of 
anti-VB antibodies. Results obtained with the anti-VB5.1-5.2, anti-VBll (as a ne- 
gative control), and anti-VB6 antibodies are shown Fig. 3. As expected from the 
data obtained by RT-PCR, the hybridoma was expressing the VB6 chain but not 
the VB5.2 chain at its surface. 

The complementarity determining region 3 (CDR3), which is the major determi- 
nant of epitope binding to the TcR [Davis, 1988 #1280], was sequenced in hybri- 
domas 96-7. Fig. 4 shows the nucleotide sequences of the CDR3 region of the B- 
chain (which was completely identical to the B-chain sequence of the 96-6) and 
of the a-chain. The CDR3 region was composed by an association of Val0-Jal2 

and VB6-DB1.1-JB2.7. Thus, CD4+ T cells expressing a Val0-Jal2/VB6-DB1.1- 
JB2.7-TcR recognize an epitope induced by oxidation of LDL in an I-A* 5 restric- 
ted manner. Extrapolation of the 3D structure from a crystallized mouse TcR 
(clone 2c) (Garcia et al., 1996, supra) was possible given the sequence similarity 
between the a- and B-chains of the 96-7 TcR and the clone 2c TcR (respectively 
79.2% and 73.7%; ref. [Rost, 1999 #1281]). Fig. 5 shows the 3D structure of the 
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clone 96-7 TcR and its CDR3 region. This region is composed mainly by hydop- 
hobic and polar amino acids. 

The TcR-alO/fl6 expressing T cell hvbridoma 96-7 recognizes MDA-modified 
apoB 100 protein 

The reactivity of hybridoma 96-7 was determined in detail. Since it reacted with 
oxLDL but not nLDL and the response was I-A^ restricted, it was likely to 
recognize a protein component modified by oxidation. The nature of this modifi- 
cation was unknown but could be caused by fragmentation or adduct formation. 
96-7 was therefore exposed to proteolytic peptides of LDL, purified apoBlOO or 
MDA-conjugated apoBlOO. As shown in Fig. 6, MDA-apoB at 0.1 jig/ml was a 
strong activator of 96-7 and induced IL-2/IL-4 secretion of the same magnitude 
as that caused by oxLDL or ConA mitogen. In contrast, apoBlOO peptides from 
native human LDL did not activate 96-7 whereas those from oxidized LDL did. 
This shows that MDA adduct formation but not fragmentation of apoBlOO gene- 
rated the T cell epitope recognized by the alO/B6-carrying hybridoma 96-7 in the 
context of I- A^. 

T cell hvbridomas from MDA-MSA immunized normal B6 mice specifically 
recognize malondialdehvde adducts in a model protein 

To firmly establish the concept of TcR recognition of aldehyde adducts normal 
B6 mice were immunized with a model substance, MDA-MSA, and T cell hybri- 
domas were generated. This enabled direct study of TcR recognition of the anti- 
genic epitope. Two different experiments confirmed that the aldehyde adduct it- 
self formed part of the TcR epitope of the hybridoma M20. In the first experi- 
ment, M20 cells were coincubated with B6 spleen cells which had been surface- 
modified with MDA. MDA-modified spleen cells, but not non-modified spleen 
cells induced BL-2 production by the M20 cells (Fig 8A). In a second experiment, 
the stimulating capacity of MDA-MSA-pulsed and fixed spleen cells could be 
blocked by the addition of antibody to MDA but not to control antibody (Fig 8B). 
Together this shows that (i) the MDA-adducts on peptides can be recognized wit- 
hout processing and (ii) the aldehyde is pointing out from the MHC-bound pepti- 
de towards the TcR. This rules out processing-dependent recognition of native 
self peptides and thus provides direct evidence that aldehyde-adducts can form 
part of a TcR epitope. 
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Naive apoE~KO mice display T cell clones that recognize modified LDL 
Having established that immunization of human LDL-tolerant apoB-TG mice 
with oxLDL activates alO/B6+ CD4+ T cells that specifically recognize MDA- 
apoB of oxLDL but not native LDL, the question was posed whether similar res- 
ponses occur by natural immunization in the course of atherosclerosis. ApoE-KO 
mice were chosen because the aortic atherosclerotic lesions of these mice contain 
T cells (Zhou X, Stemme S, Hansson GK. Evidence for a local immune response 
in atherosclerosis. CD4+ T cells infiltrate lesions of apolipoprotein-E-deficient 
mica Am. J. Path. 1996;149:359-366). 

After fusion between LN cells and BW5147, 220 hybridoma cultures grew out, 
among which 142 were CD3+/CD4+. These cultures were screened for their re- 
activity towards human oxLDL, MDA-LDL, and native LDL. Totally 20 cultures 
were reactive to at least one of the stimuli. Fig. 7 shows the reactivities of five 
representative cultures. Among them, culture 3al exhibited a pattern of reactivity 
resembling that of the apoB-TG derived hybridoma 96-7, i.e. it responded to 
MDA-modified LDL (Fig. 7). The fact that both human and mouse MDA-LDL 
were recognized suggests that the T cell epitope for this hybridoma could be an 
MDA-modified peptide sequence that is shared between apoBlOO of the two spe- 
cies. T cells in culture 3al were expressing solely TcRVBl. This implies that in 
addition to VB6, other Vfl segments can also be used for recognition of MDA- 
modified LDL. Culture 6c6, which expressed TcR with the Vfi segments 4, 8.2, 
10 and 13, recognized oxLDL but not MDA-LDL (Fig. 7). This suggests that 
recognized epitopes consisted oxidation-induced modifications different from 
MDA adduct formation. Another culture, 6a5, reacted towards nominally native 
but not oxidized or MDA-modified LDL. It is possible that this culture contained 
autoreactive T cells recognizing an epitope that is destroyed by oxidation. Alter- 
natively, the epitope might be induced by "minimal modification" and destroyed 
by further oxidation. Such dynamic changes in epitope formation may also ex- 
plain the reactivity of culture 4c6, which recognized native and MDA-modified 
but not oxidized LDL (Fig. 7). In all cases, the reactivities found against human 
LDL matched those found against mouse LDL suggesting that these T cells were 
not recognizing heterologous epitopes. 



Discussion 

OxLDL accumulates in atherosclerotic plaques (Yla-Herttuala S, Palinski W, Ro- 
senfeld ME, Parthasarathy S, Carew TE, Butler S, Witztum JL, Steinberg D. Evi- 
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dence for the presence of oxidatively modified low density lipoprotein in athe- 
rosclerotic lesions of rahbit and man. J Clin Invest 1989;84:1086-1095), is taken 
up by macrophages, and elicits local autoimmune responses in the plaque 
(Stemme et aL, 1995, supra) as well as systemically (Palinski et aL, 1989, supra; 
and Yia-Herttula et aL, 1989, supra). The findings that clonal T cells are activa- 
ted by oxLDL ( Stemme et al., 1995, supra) and that T cell-dependent antibody 
responses to oxLDL develop in atherosclerosis (Zhou X, Paulsson G, Stemme S, 
Hansson GK. Hypercholesterolemia is associated with a T helper (Th) 1/Th2 
switch of the autoimmune response in atherosclerotic apo E-knockout mice. 
Clin. Invest 1998;101:1717-1725) suggest an important role for cellular immu- 
nity in the disease-associated autoimmune response. However, the precise 
mechanisms governing this response have been unclear. In particular, it has been 
unclear whether the T cell response to oxLDL is a "conventional" reaction of 
TcRaB towards a peptide presented by MHC class II molecules or a response of 
T cells expressing either ccB or y/8 receptors and recognizing lipids presented in 
the context of CD1 molecules. The latter process has recently been identified as a 
major mechanism for recognition of microbially derived lipids (Grant EP, Dega- 
no M, Rosat JP, Stenger S, Modlin RL, Wilson IA, Porcelli SA, Brenner MB. 
Molecular recognition of lipid antigens by T cell receptors. J Exp Med 
1999;189:195-205). 

According to the present invention, using T cell hybridoma technology, it is now 
demonstrated (i) that mice tolerant to native human LDL develop specific T cell 
responses to LDL that has undergone oxidation in vitro, (ii) that the responding T 
cells express the TcRaB receptor, (iii) may preferentially use TcR carrying the 
alO and 66 chains, (iv) are restricted by the MHC class II antigen, I-A^, and (v) 
recognize MDA-modified apoBlOO. Finally, it is shown (vi) that similar T cells 
recognizing oxLDL develop spontaneously in atherosclerotic apoE-KO mice and 
(vii) that this autoimmunization results in TcR exhibiting several different VB 
domains, suggesting responses to several different, oxidation-induced T cell epi- 
topes. 

The use of T cell hybridomas permitted a detailed characterization of the recep- 
tors recognizing the antigen and restricting the response. However, they are not 
useful for assessing the frequency of immune responses in the starting material. 
Therefore, it is important to correlate the present findings to studies of T cell spe- 
cificities, phenotypes, and secretory products which are based on whole tissues 
and primary cultures. 
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The present analyses confirmed previous results from human T cell clones, which 
have shown that the T cells recognizing oxLDL are CD4+ TcRccB+ cells that 
recognize antigen in the context of MHC class II (Stemme et al., 1995, supra). 
With the use of hybridomas, an actual MHC class II restriction could be demon- 
strated by showing that T cells of the I-A^ haplotype recognized oxLDL presen- 
ted by I-A^ expressing but not I-A^ expressing antigen-presenting cells. Notably, 
the CD1 molecules responsible for presentation of lipid antigens are nonpoly- 
morphic and do not differ between the I-A^ and I-A^ strains (Balk SP, Bleicher 
PA, Terhorst C. Isolation and expression of cDNA encoding the murine homolo- 
gues of CD1. J Immunol 1991;146:768-774; and Tangri S, Holcombe HR, Casta- 
no AR, Miller JE, Teitell M, Huse WE, Peterson PA, Kronenberg M. Antigen- 
presenting function of the mouse CD1 molecule. Ann N Y Acad Sci 
1996;778:288-296). The lack of response of the I-A b expressing T hybridoma 
when exposed to oxLDL presented by I-A^ APC therefore argues against CD1 
restricted antigen presentation and therefore against reactivity towards the lipid 
moiety of oxLDL. 

I-A molecules present oligopeptides to antigen-specific T cells, which recognize 
the peptide-I-A complex using TcRaB. It suggests that the T cell epitope on 
oxLDL is a modified oligopeptide. This conclusion was confirmed by the finding 
that hybridoma 96-7 recognized MDA-conjugated apoBlOO in the absence of 
lipid. MDA is formed when unsaturated fatty acid residues are cleaved during 
lipid peroxidation; it is highly reactive and therefore rapidly interacts with free 
amino groups in adjacent proteins (Steinbrecher et al., 1987, supra). Several ot- 
her aldehydes exhibit similar activities (Steinbrecher et al., 1987, supra) and it is 
likely that aldehyde adduct formation changes the conformation of apoBlOO- 
derived oligopeptides sufficiently to activate cellular immune responses. 

The precise nature of the molecular interaction between MDA-apoB and the TcR 
of T cell hybridoma 96-7 cannot be determined at this stage. Since TcR recogni- 
tion of lipid peroxidation derived aldehyde adducts has previously not been 
described it was important to substantiate this concept in an independent system. 
The present inventors therefore established T cell hybridomas from normal B6 
mice immunized with a model substance, MDA-MSA. This enabled direct study 
of TcR recognition of the antigenic epitope and two different experiments con- 
firmed that the aldehyde adduct itself formed part of the TcR. Furthermore, it is 
noteworthy that the CDR3 domain is dominated by polar and charged amino 
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acids. This structure would be expected to fit with an oligopeptide exposing 
charged residues due to MDA crosslinking or possibly with oligopeptide side 
chains carrying MDA adducts. There is a definite topology of the CDR3 in which 
the Va governs the N-tenninal region and Vfl seems more responsible for the C- 
terminal portion of the peptide (Davis MM, Bjorkman PJ. T cell antigen receptor 
genes and T cell recognition. Nature 1988;334:395-402). These data should faci- 
litate future design of peptides from apoBlOO that could be used in vaccination 
experiments. It will also be important to analyze CDR3 domains of T cells reacti- 
ve with other immunogenic, oxidatively induced adducts such as 4- 
hydroxynonenal, to determine whether the CDR3 of aldehyde-peptides carry 
common motifs used in epitope recognition. 

Several factors favor the development of immune responses to oxidized proteins 
and particles. Firstly, these antigens are taken up by specific scavenger receptors, 
leading to high intracellular concentration in antigen-presenting cells (Nicoletti 
A, Caligiuri G, Tornberg I, Kodama T, Stemme S, Hansson GK. The macrophage 
scavenger receptor type A directs modified proteins to antigen presentation. Eur J 
Immunol 1999:In press; Abraham R, Singh N, Mufchopadhyay A, Basu SK, Bal 
V, Rath S. Modulation of immunogenicity and antigenicity of proteins by ma- 
leylation to target scavenger receptors on macrophages. J Immunol 1995;154:1-8; 
and Abraham R, Choudhury A, Basu SK, Bal V, Rath S. Disruption of T cell to- 
lerance by directing a self antigen to macrophage-specific scavenger receptors. J 
Immunol 1997;158:4029-4035). Macrophages rely on scavenger receptor SR-A 
to present oxLDL to specific T cells but dendritic cells may use additional sea- 
venger receptors for the same purpose (Nicoletti et al., 1999, supra). This might 
result in the presentation of different oxidized particles by different antigen- 
presenting cells, with obvious consequences for the ensuing immune responses. 

Secondly, the reactive aldehydes formed during lipid peroxidation may not only 
participate in the formation of T cell epitopes but also act as costimulants for T 
cell activation (Rhodes J, Chen H, Hall SR, Beesley JE, Jenkins DC, Collins P, 
Zheng B. Therapeutic potentiation of the immune system by costimulatory 
Schiff-base-forming drugs. Nature 1995;377:71-75). For instance, the Schiff ba- 
se-forming aldehyde p-hydroxyphenylacetaldehyde, which can be formed by my- 
eloperoxidase attack on lipoproteins (Daugherty A, Dunn JL, Rateri DL, Hei- 
necke JW. Myeloperoxidase, a catalyst for lipoprotein oxidation, is expressed in 
human atherosclerotic lesions. J Clin Invest 1994;94:437-444), provides a costi- 
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mulatoiy signal to CD4+ T cells by activating K + channels (Rhodes et al., 1995, 
supra). This type of activation appears to be biased towards Thl effector respon- 
ses (Rhodes et al., 1995, supra), which predominate in atherosclerotic lesions 
(Zhou et al., 1998, supra; and Geng YJ, Holm J, Nygren S, Bruzelius M, Stemme 
S, Hansson GK. Expression of the macrophage scavenger receptor in atheroma. 
Relationship to immune activation and the T-cell cytokine interferon-gamma. 
Arterioscler. Thromb. 1995;15:1995-2002). Thus, lipoprotein oxidation in the 
arterial intima promotes proinflammatory autoimmunity both by generating anti- 
gen, inducing ligands for uptake by antigen-presenting cells, and forming costi- 
mulatory factors that promote T cell activation to proinflammatory Thl effector 
cells. The current experimental design using T cell hybridomas is not informative 
with regard to effector functions since the original cytokine secretory pattern may 
not be preserved after fusion. Therefore, further studies using primary cultures 
and in situ staining will be important to elucidate these aspects of immune acti- 
vity in atherosclerosis. 
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CLAIMS 

1. An antigenic composition comprised of a peptide, which is derived from the 
protein apoBlOO, conjugated with an aldehyde, and capable of eliciting an 
immune response against non-native, oxidized low density lipoprotein (LDL) 
in a subject by interacting with T cell antigen receptois (TcR). 

2. A composition according to claim 1, wherein the aldehyde is an oxidatively 
produced aldehyde. 

3. A composition according to claim 1 or 2, wherein the aldehyde is a dialdehy- 
de, such as malondialdehyde (MDA). 

4. A composition according to claim 1 or 2, wherein the aldehyde is a modified 
monoaldehyde, such as 4-hydroxynonenal (4-HNE). 

5. A composition according to any one of the preceding claims, wherein the 
peptide comprises at least one lysine residue. 

6. A composition according to any one of the preceding claims, wherein the 
peptide contains amino acid residues that promote the formation of a po- 
lyproline-like structure. 

7. A composition according to any one of the preceding claims, the antigenic 
properties of which is enhanced by association with a major histocompatibi- 
lity (MHC) class II antigen. 

8. A composition according to any one of the preceding claims, wherein the 
complementarity-determining region 3 (CDR3) of said TcR comprises a 
cluster of amino acids the spatial configuration of which enables binding of 
the peptide-aldehyde conjugate.. 

9. A composition according to any one of the preceding claims, wherein said 
TcR chains are alO and |56 chains essentially of the sequence disclosed in 
SEQ ID NO:4 and SEQ ID NO:2, respectively, or an antigenic derivative, 
fragment or analogue thereof, or a TcR that contains a CDR3 region with high 
structural or conformational homology to said TcR. 

10. An immunogenic cell, which has been induced to cany MDA-protein conju- 
gates. 

1 1. A method of generating an MHC class II molecule corresponding to a prede- 
termined haplotype, which method comprises expression of peptide in a sui- 
table expression system and subsequently conjugation of the expression pro- 
duct to an aldehyde, such as MDA or 4-HNE. 

12. A method according to claim 11, wherein said molecule has been compart- 
mentalized in a lipid-protein particle, such as a liposome. 
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13. A composition according to any one of claims 1-9, a cell according to claim 
10 or a molecule generated according to the method of claim 11 or 12 for use 
as a vaccine. 

14. Use of a peptide derived from the protein apoBlOO conjugated with an alde- 
hyde, which conjugate is capable of eliciting an immune response against 
non-native, oxidized low density lipoprotein (LDL) in a subject by interacting 
with T cell antigen receptors (TcR), in the manufacture of a vaccine against 
atherosclerosis. 

15. Use of a cell according to claim 10 or a molecule generated according to the 
method of claim 11 or 12 in the manufacture of a vaccine against athe- 
rosclerosis. 

16. A method of producing a vaccine against atherosclerosis, which comprises the 
steps of 

(a) providing a library of peptides derived from the protein apoBlOO ; 

(b) incubating said peptides with aldehydes to produce conjugates of pepti- 
de-aldehyde; 

(c) separating non-conjugated peptides and aldehydes from the library; 

(d) incubating the conjugates obtained from step (c) with a TcR carrying 
cell line that reacts with an oxidized LDL in combination with an anti- 
gen-presenting cell that displays MHC class II proteins essentially iden- 
tical with the cell line; 

(e) formulating a vaccine composition of conjugates obtained according to 
step (d) and a pharmaceutically acceptable carrier. 

17. A method of producing a vaccine against atherosclerosis, which comprises the 
steps of 

(a) providing a library of peptides derived from the protein apoBlOO; 

(b) incubating said peptides with aldehydes to produce conjugates of pepti- 
de-aldehyde; 

(c) separating non-conjugated peptides and aldehydes from the library; 

(d) incubating the conjugates obtained from step (c) with a panel of MHC 
class II proteins; 

(e) selecting conjugates capable of binding to the MHC class II proteins cor- 
responding to the MHC haplotype of the individual to be vaccinated; 

(f) formulating a vaccine composition of conjugates selected according to 
step (e) and a pharmaceutically acceptable carrier. 
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18. A method of producing a vaccine against atherosclerosis according to claim 
17, wherein the panel of MHC class II proteins consists of soluble oligomers 
of such proteins produced in a suitable expression system. 

19. A method of producing a vaccine against atherosclerosis according to claim 
17, wherein the panel of MHC class II proteins is arranged in membrane-like 
devices. 

20. A method according to any one of claims 16-19, wherein the aldehyde is an 
oxidatively produced aldehyde. 

21. A method according to any one of claims 16-20, wherein the aldehyde is a 
dialdehyde, such as malondialdehyde (MDA). 

22. A method according to any one of claims 16-20, wherein the aldehyde is a 
modified monoaldehyde, such as 4-hydroxynonenal (4-HNE). 

23. A method according to any one of claims 16-22, wherein the peptide 
comprises at least one lysine residue. 

24. A method according to any one of claims 16-23, wherein the peptide contains 
amino acid residues that promote the formation of a polyproline-like structu- 
re. 

25. A method according to any one of claims 16-24, wherein the complementari- 
ty-determining region 3 (CDR3) of the TcR of the T cell hybridoma compri- 
ses a cluster of amino acids which permit the binding of peptide-aldehyde 
conjugate. 

26. A method according to any one of claims 16-25, wherein said TcR chains are 
alO and jJ6 chains essentially of the sequence disclosed in SEQ ID NO:4 and 
SEQ ID NO:2, respectively, or an antigenic derivative, fragment or analogue 
thereof. 

27. A method according to any one of claims 16-26, wherein the vaccine is prepa- 
red in a form suitable for subcutaneous injection or nasal, oral/tablet or inha- 
lation administration. 

28. A vaccine for generating an immune response in a mammal, such as a human 
being, to non-native, oxidized LDL, which composition is produced by the 
method according to any one of claims 16-27 or comprises a composition as 
defined in any one of claims 1-9, a cell according to claim 10 or a molecule 
generated according to the method of claim 1 1 or 12 together with a pharma- 
ceutically acceptable carrier and/or optionally one or more suitable adjuvants. 

29. A vaccine according to claim 28, which is in a form suitable for subcutaneous 
injection or nasal, oral/tablet or inhalation administration. 
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30. Use of a T cell receptor (TcR) comprising an amino acid sequence essentially 
as defined by SEQ ID NO:4 and SEQ ID NO:2, or a functional derivative, 
fragment or analogue thereof, as a lead compound in a method of molecular 
modelling of a ligand capable of binding said TcR, said three dimensional 
structure being characterised by a flattened surface and the presence of expo- 
sed surface charges. 

3 1 . A method for diagnosis of affliction with atherosclerosis in a patient, by 
which method the presence of a T cells that recognize oxidized LDL is de- 
tected, said method comprising the steps of: 

(a) providing a sample of body fluid obtained from said patient; 

(b) combining said sample with a composition as defined in any one of claims 
1-9, a cell according to claim 10, a molecule generated according to the met- 
hod of claim 11 or 12 or an aldehyde-peptide conjugate produced according to 
any one of claims 16-27; 

(c) detecting the relative presence in said sample of T cells that are activated 
by exposure to said aldehyde-peptide conjugate; 

(d) comparing the detected presence of reacting T cells to a reference value; 
and 

(e) using the comparison in (d) in the diagnosis of affliction with athe- 
rosclerosis. 

32. A method according to claim 3 1 , wherein in step (d), the proportion of the 
total amount of T cells which constitutes TcRs comprising an amino acid 
sequence essentially as defined by SEQ ID NO:4 and SEQ ID NO:2, is de- 
termined. 

33. A method according to claim 3 1 or 32, wherein said body fluid sample is a 
blood or cell sample. 

34. A method according to any one of claims 31-33, wherein said marker is an 
antibody, preferably a monoclonal antibody. 
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SEQUENCE LISTING 

<110> KAROLINSKA INNOVATIONS AB 

<120> ATEROSCLEROSIS VACCINE 

<130> 57301 

<140> 
<141> 

<160> 4 

<170> Patentln Ver. 2.1 

<210> 1 
<211> 96 
<212> DNA 
<213> Mouse 

<220> 
<221> CDS 
<222> (1) . . (96) 

<400> 1 

ttt etc tgt gee age agt ata caa age tec tat gaa cag tac ttc ggt 48 

Phe Leu Cys Ala Ser Ser lie Gin Ser Ser Tyr Glu Gin Tyr Phe Gly 
15 10 15 

ccc ggc ace agg etc acg gtt tta gag gat ctg aga aat gtg act cca 96 
Pro Gly Thr Arg Leu Thr Val Leu Glu Asp Leu Arg Asn Val Thr Pro 
20 25 30 



<210> 2 
<211> 32 
<212> PRT 
<213> Mouse 

<400> 2 

Phe Leu Cys Ala Ser Ser lie Gin Ser Ser Tyr Glu Gin Tyr Phe Gly 
15 10 15 

Pro Gly Thr Arg Leu Thr Val Leu Glu Asp Leu Arg Asn Val Thr Pro 
20 25 30 



<210> 3 
<211> 96 
<212> DNA 
<213> Mouse 

<220> 

<221> unsure 
<222> (54) 



<220> 
<221> CDS 
<222> (1) . . (96) 
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<400> 3 

tea ggc act tat etc tgt get ata 
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